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PROGRAMMABLE CONTROLLER 



RACK-GROUND OF THE INVENTION 

The present invention relates to a programmable 
5 controller which performs high - speed pulse output to control 
a controlled apparatus for positioning control according to a 
user program. 

Fig. 3 is a diagram showing the structure of a 
conventional programmable controller. 

10 In Fig. 3, the reference numeral 1 denotes a central 

processing unit (which will be hereinafter referred to as a 
"CPU") for controlling each section of the programmable 
controller, and the reference numeral 2 denotes a pulse 
generating section for generating a pulse string in a cycle set 

15 by the CPU 1. 

Figs. 4A and 4B are flowcharts showing the operation of 
the conventional programmable controller . Fig. 4A shows a main 
processing and Fig. 4B shows an interruption processing. 

In the main processing shown in Fig. 4A, first of all, 

20 the CPU 1 sets an output pulse cycle of the pulse generating 
section 2 at Step SI and sets a residual pulse number indicative 
of an output pulse number at Step S2 . Then, an interrupt enable 
state for enabling interruption is set at Step S3 and pulse 
output is started at Step S4 . At Step S5, pulse output for the 

25 residual pulse number is carried out. When the pulse output 
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is completed, an interrupt disable state is set at Step S 6 . Thus, 
the main processing is ended. 

Every time one pulse is output at the Step S5, the 
interruption processing shown in Fig. 4B is executed. At Step 
5 Sll, one is subtracted from the residual pulse number. When 
the residual pulse number reaches zero, a processing of stopping 
the pulse output is carried out at Step S13. Thus, the 
interruption processing is ended. If the residual pulse number 
is not zero at the Step S12, the interruption processing is ended 
10 and the control is returned to the main processing. By the main 
processing, the pulse output at the Step S5 is executed 
successively . 

The conventional programmable controller comprises a CPU 
1 for controlling each section and a pulse generating section 

15 2 for generating a pulse string having a cycle set by the CPU 
1 as shown in Fig. 3, and is controlled by control means for 
executing an interruption processing for each pulse output as 
shown in Figs. 4A and 4B. The control means sequentially 
subtracts one from the residual pulse number for each output 

20 pulse, and executes the processing of stopping the pulse when 
the residual pulse number reaches zero. 

In the conventional art, the CPU 1 should execute an 
interruption processing for each pulse output. For example, 
in case where a pulse of 200 KHz is output, an interruption cycle 

25 is 5/i s. Therefore, it is necessary to use a high - speed CPU 



applicable to the interruption processing having a cycle of 5 
V s. However, the CPU applicable to such a high - speed 
processing using a general one - chip microcomputer is expensive . 
As a result, the cost of a product is increased. 

5 

STTMMARY OF THE INVENTION 
The invention has been made to solve such a problem and 
has an object to obtain a programmable controller which is 
inexpensive and can carry out high - speed pulse output. 

10 A programmable controller according to the invention 

comprises a pulse generating section for outputting a pulse 
string having a set cycle, a pulse dividing section for dividing 
the pulse string output from the pulse generating section at 
a predetermined dividing ratio and for outputting an 

15 interruption request signal having a cycle which is n times (n 
is a positive integer) as great as the cycle of the pulse string, 
and a central processing unit for executing an interruption 
processing in response to the interruption request signal 
output from the pulse dividing section, thereby controlling the 

20 output of the pulse generating section. 

Moreover, the central processing unit sets a dividing 
ratio to be used for division of the pulse dividing section, 
controls the number of pulses output from the pulse generating 
section and sets the dividing ratio to be equal to the number 

25 of pulses which have not been output when the number of the pulses 
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which have not been output is smaller than 2n. 

Furthermore, the central processing unit changes the 
dividing ratio to be used for the division of the pulse dividing 
section depending on the cycle of the pulse string output from 
5 the pulse generating section. 



RRTF.F DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagram showing the structure of a 
programmable controller according to first and second 
10 embodiments of the invention; 

Figs. 2A and 2B are flowcharts showing the operation of 
the programmable controller according to the first and second 
embodiments of the invention; 

Fig. 3 is a diagram showing the structure of a 
15 conventional programmable controller; and 

Figs. 4A and 4B are flowcharts showing the operation of 
the conventional programmable controller. 



DETAILED DF, SCRIPT TON OF THE PREFE RRED EMBODIMENTS 
20 (First Embodiment) 

Fig. 1 is a diagram showing the structure of a 
programmable controller according to a first embodiment of the 
invention . 

In Fig. 1, the reference numeral 1 denotes a CPU for 
25 controlling each section in the programmable controller, the 



reference numeral 2 denotes a pulse generating section for 
generating a pulse string having a cycle set by the CPU 1, and 
the reference numeral 3 denotes a pulse dividing section for 
outputting, as an interruption request to the CPU 1, a signal 
5 obtained by dividing a pulse output from the pulse generating 
section 2 at a dividing ratio set by the CPU 1 . The components 
1 to 3 constitute the programmable controller. In the first 
embodiment, the CPU 1 controls an output pulse by control means 
for executing an interruption processing for each n - time pulse 
10 output . 

Figs. 2A and 2B are flowcharts showing the operation of 
the programmable controller according to the first embodiment 
of the invention. Fig. 2A shows a main processing and Fig. 2B 
shows an interruption processing. 

15 In the main processing shown in Fig. 2A, Steps SI and S2 

are executed in the same manner as those in Fig. 4A. Then, a 
pulse dividing ratio n (n is a positive integer) of the pulse 
dividing section 3 is set at Step S21. Subsequently, 
processings are executed at Steps S3 to S6 in the same manner 

20 as those in Fig. 4A. 

In the interruption processing shown in Fig. 2B, n is 
subtracted from a residual pulse number at Step S22. Then, if 
the residual pulse number < 2n is satisfied at Step S23, the 
CPU 1 sets the pulse dividing ratio n to be equal to the residual 

25 pulse number at Step S24 . Thereafter, the routine proceeds to 



Step S12. If the residual pulse number < 2n is not satisfied 
at the Step S23, the routine proceeds to the Step S12. At the 
Steps S12 and S13, the same processings as those in Fig. 4B are 
executed. 

5 In the first embodiment, the dividing ratio n is set to 

the pulse dividing section 3 by the CPU 1. Consequently, the 
cycle of the interruption processing is set to be n times as 
great as that of a pulse output from the pulse generating section 
2. Therefore, the interruption processing can be executed by 

10 a CPU having a throughput of 1 / n as compared with the 
conventional art. For example, in case where a dividing ratio 
of n = 100 is set, an interruption cycle of 5 ju S X 100 = 500 
juS is obtained for outputting a pulse of 200 KHz. Thus, it 
is possible to obtain an interruption cycle to which an 

15 inexpensive one - chip microcomputer is fully applicable. 

When the interruption processing is executed in a cycle 
which is n times as great as the cycle of the output pulse, the 
residual pulse number in the interruption processing can be 
checked only for each n - pulse. Consequently, it is possible 

20 to output only a pulse having a number which is integer times 
as great as n. In the first embodiment, a countermeasure is 
taken. More specifically, when the residual pulse number is 
smaller than 2n, the CPU 1 causes the pulse dividing section 
3 to set a dividing ratio which is equal to the residual pulse 

25 number in the interruption processing shown in the Steps S23 



and S24 of Fig. 2B. Consequently, when the next interruption 
is carried out, the residual pulse number reaches zero and the 
pulse output can be stopped with an optional pulse number. 

While the pulse output is carried out n times for each 
5 interruption cycle after the pulse output is started and the 
pulse output is carried out in a final interruption cycle 
fraction times which are equal to or greater than n and smaller 
than 2n in the first embodiment, calculation is previously 
executed prior to the start of the pulse output so that the pulse 

10 can be output fraction times in an initial interruption cycle 
and n times which are equal to or greater than two until the 
final interruption cycle. 
{Second Embodiment) 

In a second embodiment, the same structure as that 

15 illustrated in Fig. 1 is employed, and the same operation as 
that shown in the flowcharts of Figs. 2A and 2B is carried out. 

A difference between the first and second embodiments 
will be described below. 

In the first embodiment, the dividing ratio n has a 

20 predetermined value. If the frequency of an output pulse is 
increased, an interruption cycle for the CPU 1 is shortened in 
proportion thereto. In this case, a load on the CPU 1 is 
increased. Consequently, if the cycle of a pulse to be output 
is increased, the responsivity of processings other than the 

25 pulse output of the programmable controller is deteriorated. 



In the second embodiment, a countermeasure is taken. More 
specifically/ the dividing ratio n is varied corresponding to 
the cycle of an output pulse. Consequently, even if the cycle 
of the output pulse is varied, a constant interruption cycle 
5 for the CPU 1 is maintained. 

In the second embodiment, the constant interruption cycle 
for the CPU 1 is maintained irrespective of a change in an output 
frequency. Therefore, even if the output pulse cycle is 
increased, the responsitivity of the processings other than the 

10 pulse output is not deteriorated. 

Since the invention has the above-mentioned structure, 
the following effects can be obtained. 

The programmable controller according to the invention 
comprises a pulse generating section for outputting a pulse 

15 string having a set cycle, a pulse dividing section for dividing 
the pulse string output from the pulse generating section at 
a predetermined dividing ratio and for outputting an 
interruption request signal having a cycle which is n times (n 
is a positive integer) as great as the cycle of the pulse string, 

20 and a central processing unit for executing an interruption 
processing in response to the interruption request signal 
output from the pulse dividing section, thereby controlling the 
output of the pulse generating section. Consequently, the 
cycle of the interruption processing can be increased, and the 

25 central processing unit having a low throughput is applicable 



to the interruption processing. 

Moreover/- the central processing unit sets a dividing 
ratio to be used for division of the pulse dividing section, 
controls the number of pulses output from the pulse generating 
5 section and sets the dividing ratio to be equal to the number 
of pulses which have not been output when the number of the pulses 
which have not been output is smaller than 2n. Therefore, a 
pulse which has not been output can be output in the final 
interruption processing. 

10 Furthermore, the central processing unit changes the 

dividing ratio to be used for the division of the pulse dividing 
section depending on the cycle of the pulse string output from 
the pulse generating section. Consequently, an interruption 
processing having a cycle suitable for the central processing 

15 unit can be executed irrespective of the cycle of a pulse to 
be output . 



WHAT TS CLAIMED IS; 

1. A programmable controller for controlling a controlled 
apparatus by pulse output, comprising: 

a pulse generating section for outputting a pulse string 
5 having a set cycle, 

a pulse dividing section for dividing the pulse string 
output from said pulse generating section at a predetermined 
dividing ratio and for outputting an interruption request 
signal having a cycle which is n times (n is a positive integer) 
10 as great as the cycle of the pulse string, and 

a central processing unit for executing an interruption 
processing in response to the interruption request signal 
output from said pulse dividing section so as to control the 
output of said pulse generating section. 

15 

2 . The programmable controller according to claim 1, wherein 
said central processing unit sets a dividing ratio to be 
used for division of the pulse dividing section, controls the 
number of pulses output from said pulse generating section, and 
20 sets the dividing ratio to be equal to the number of pulses which 
have not been output when the number of the pulses which are 
output is smaller than 2n. 
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3. The programmable controller according to claim 1, wherein 
said central processing unit changes the dividing ratio 
to be used for the division of said pulse dividing section 
depending on the cycle of the pulse string output from said pulse 
5 generating section. 
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ABSTRACT OF THE DISCLOSURE 
An output cycle of a pulse string generated from a pulse 
generating section (2) is divided by a pulse dividing section 
(3) and a signal having a cycle which is plural times as great 
5 as the cycle of an output pulse is output from the pulse dividing 
section (3) . This signal is input as an interruption request 
signal to a CPU (1) . Consequently, the CPU (1) can execute an 
interruption processing in a cycle which is plural times as 
great as the cycle of the output pulse. By the interruption 
10 processing, the number of pulses to be output is controlled. 
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Japanese Language Declaration 

TIE <d$l w#£lt\ itttKTOji 0S: a us-f. As a below named inventor, I hereby declare that: 

%<o&ffi,%&Wffi,mmfeTm<Dm.oB:%'Dmicmm.£ti My residence, post office address and citizenship are as 
ft ii 9 "C -f o stated next to my name, 

TE©*ft©«9jfcHLT»#«6BK:flEft;**i,,#fFB I believe I am the original, first and sole inventor (if only one 

flLTV^ISBjlft^tcov^fi.^lr^^ofii — © 3§ 51 # name is listed below) or an original, first and joint inventor (if 
(Tia©tt^^-o©m^-)t,L<!±**H^-oftrai8B^#r-fc plural names are listed below) of the subject matter which is 
5fc(TIE©£ ft Ma U-T^*-f. claimed and for which a patent is sought on the invention 

entitled 

PROGRAMMABLE CONTROLLER 



±IE3§K©91lfl#(TBE©fflTXr^so^Tv^^:5§-a- the specification of which is attached hereto unless the 
.. (1 . & It t 8s ft ) ii , following box is checked: 



~ M 0 fctitB£*K *H£iiii#^-*fctt#fF®^* -wasfiledon 

^ as United States Application Number or 

PCT International Application Number 

HU8HilR#-f§-*: iU 



_ and was amended on 



fco (if applicable). 



?J.i3:,#ff!f*^H3r"aif±!E!r:EI£©^£a#£#m I hereby state that I have reviewed and understand the 
L, F^^^a^LTV^S^tSriilc^K L*i"<, contents of the above-identified specification, including the 

claims, as amended by any amendment referred to above. 



fi.fi, mnMmmmm27M%l3i5emz-i£mts?iZ>k33<0, I acknowledge the duty to disclose information which is 
#W*tt«)#«to^rfil|/j:ti(F««rlB*i-5ift*!iS*>5i material to patentability as defined in Title 37, Code of 
tzmfct-r o Federal Regulations, Section 1 .56. 
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fttt. #S«fcft*35«»119*(a)-(d)SXttS&365&(b) 

v>51*fl : 16**ifi*365*(a)g[tS-J<a8IIWJH, Xtt#t-B 
■cw # If ffl K IX il* W # BE © a IS ic o v ^tro^ H IS jfe » 
SrrrtiK-t-St^fc, tf 5fc*S*riKL-a^5#ttiK©llfrfc 

ta js £ *t & # tr * 7t « b bj # ixE © ^ s m m * w t , # f*j 



Prior Foreign Applications 



P. 2000-039851 Japan 

(Number) (Country) 
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(Number) (Country) 
(#*) (H«) 



(Number) (Country) 
(#■§■) (S£) 



^i,i4 s ^35^^l4Sfe*^9^(e)3S^c=K^v^-cTlH<75*H#n : aJl 



I hereby claim foreign priority under Title 35, United States 
Code, Section 119(a)-(d) or 365(b) of any foreign application(s) 
for patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified beiow, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 

Priority Not Claimed 

17/February/2000 r-j 

(Day/Month/Year Filed) 

(wk*m 0 ) 

□ 

(Day/Month/Year Filed) 

mm^-M B ) 

□ 

(Day/Month/Year Filed) 

mm* a b ) 

I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application (s) 
listed below. 



(Application No.) (Filing Date) 

Sfi. Tffi©*Bi£ft«35li*120&l;:S<5^"CTia© 
#WB©*»#ttH©rtgas#S ft ft £35118112*81 



(Application No.) (Filing Date) 

I hereby claim the benefit of Title 35, United States Code 
Section 120 of any United States application(s), or 365(c) of 
any PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code Section 
112, I acknowledge the duty to disclose any material 
information which is material to patentability as defined in Title 
37, Code of Federal Regulations, Section 1 .56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of this application: 



(Application No.) (Filing Date) 

{tarns) 



(Application No.) (Filing Date) 

(Wffi#30 (BIS) 

nut, %lu $f<D^mzm^x^m.m^s^Lm : fb^m^ 
art, -tLT^wiSfc&fcfcisifcftw^wsrfTfctf, ait 

fc, X UR dfF -51 SixfcWfF ©# 36 t>fo%^ »B1 



(Status: Patented, Pending, Abandoned) 



(Status: Patented, Pending, Abandoned) 

rnu-. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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appoint the following attorney(s) and/or agent(s) to 
prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith (list 
name and registration number) 
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